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the cartilage and bone compartments of the implanted construct, 
it is well-suited to delivery of different concentrations of growth 
factor (or, to deliver two different facors) to the bone and cartilage 
regions. 
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Introduction: Interleukin-ll~ (IL-11~) is known to induce the re- 
lease of both nitric oxide (.NO) and prostaglandin E2 (PGE2) in ar- 
ticular chondrocytes, a response reversed with the application of 
dynamic compression. IL-11~ has also been shown to activate all 
three members of the mitogen activated protein kinase (MAPK) 
family, namely JNK, p38 and ERK. However, the role of the MAPK 
subtypes in the release of .NO and PGE2 in IL-11~ stimulated 
chondrocytes is complex and may primarily involve phosphory- 
lation of p38 MAPK, JNK and activation of transcription factors, 
NFKB and AP-1. The current study examines whether inhibition 
of these pathways can influence .NO and PGE2 release in IL-11~ 
stimulated bovine chondrocytes cultured in agarose constructs 
and subjected to dynamic compression. 
Methods: Bovine chondrocytes were seeded in agarose gel and 
equilibrated in culture for 24 hours. Constructs were cultured un- 
der free-swelling conditions, for a further 48 hours in medium con- 
taining 0 or 10 ng.ml-llL-11~ either in the presence and absence 
of 0 to 1000 ng.ml- 1 SB203580 (inhibitor of p38 MAPK) or 0 to 50 
nM JNK II (inhibitor of c-Jun N-terminal kinase for JNK-1, JNK-2 
and JNK-3), or 0 to 1000 ng.m1-1 PDTC (inhibits NFKB activa- 
tion) or 0 to 1000 ng.m1-1 Curcumin (inhibitor of AP-1). For the 
mechanical loading experiments, all constructs were subjected to 
15% dynamic compressive strain at 1 Hz frequency for 48 hours 
in medium supplemented with 0 or 10 ng.ml-llL-11 ~in the pres- 
ence and absence of 10 ng.ml-lSB203580 or 5 nM JNK II or 10 
ng.ml-1PDTC or 10 ng.ml-lCurcumin. Nitrite, a stable end prod- 
uct of .NO, was measured using the Griess assay. PGE2 release 
was measured using an enzyme immunoassay. 
Results: SB203580 and JNK II resulted in the dose-dependent 
inhibition of nitrite and PGE2 release in IL-11~ stimulated con- 
structs cultured under free-swelling conditions, at concentrations 
ranging from 0 to 1000 ng.m1-1 and 0 to 50 nM, respectively. 
Both PDTC and Curcumin reversed the IL-11~ induced nitrite at 
all inhibitor concentrations, whereas PGE2 levels were only par- 
tially inhibited in the presence of PDTC or Curcumin. For the dy- 
namic loading experiments, strain-induced inhibition of nitrite was 
enhanced by the presence of IL-11~. The compression-induced 
inhibition of nitrite in the presence of IL-11~ was abolished by 
SB203580, PDTC and Curcumin and partially reduced by JNK II. 
PGE2 levels were not significantly influenced by dynamic com- 
pression in unsupplemented constructs. IL-11~ significantly en- 
hanced strain-induced inhibition of PGE2 release. This effect was 
abolished by SB203580 and JNK II and partially reduced by 
PDTC and Curcumin. 
Discussion: These results suggest the involvement of MAPKs, 
AP-1 and NFKB transcription factors in the IL-11~ induced release 
of .NO and PGE2. Further work will determine the sequential acti- 
vation of the signalling cascades associated with mechanical load 
and IL-11~. Moreover, the temporal organization of the multiple 
pathways will provide important information for the pharmacolog- 
ical and biophysical treatment of degenerative joint disease. 
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Aim of Study: Joint impact injuries are known to increase the 
risk of development of secondary osteoarthritis. The proinflam- 
matory mediator, prostaglandin E2 (PGE2), is synthesised from 
arachidonic acid by cyclooxygenase-2 (COX-2) and is elevated in 
articular cartilage and synovial fluid in osteoarthritic joints. This 
study investigated the release of PGE2 from cartilage following 
an impact load and the possible chondroprotective effect of COX- 
2 inhibition using nonsteroidal anti-inflammatory drugs (NSAIDs). 
Methods: Full depth, circular explants (5 mm diameter) of articu- 
lar cartilage were removed from the underlying subchondral bone 
of human femoral heads (n=3) using a cork borer and scalpel and 
cultured for 72 h. The explants were then subjected to a single im- 
pact load using a 500 g mass dropped from a height of 25 mm in a 
drop tower. The duration of each impact was approximately 3 ms 
with an energy of 0.13 J. Following impact, the loaded explants 
were cultured along with unloaded controls for 3 and 6 days, in the 
presence of either a selective COX-2 inhibitor, celecoxib, (0.01, 
0.1, 1.0 and 10 I~M) or indomethacin (0.1 and 10 I~M) which is 
nonselective and inhibits both COX-1 and COX-2. The explants 
(n _>11 in each treatment group) were then removed, frozen in 
liquid nitrogen and stored with their culture medium at -20°C. 
PGE2 was measured in the explant culture medium by ELISA. 
The concentration of glycosaminoglycans (GAGs), a measure of 
cartilage breakdown, was determined in the culture medium us- 
ing the dimethylmethylene blue (DMMB) assay. 
Results: PGE2 levels were increased more than 20 fold 
(P<0.001) in the medium of explants at both 3 and 6 days fol- 
lowing impact compared to unloaded controls. In the presence of 
celecoxib and indomethacin the PGE2 levels were reduced in a 
dose related manner, and at the highest concentration (10 I~M) 
the levels were reduced to those of the unloaded controls by both 
inhibitors. The concentration of GAGs in the medium was signif- 
icantly higher (P<0.001) in the loaded explants compared to un- 
loaded controls at both 3 and 6 days following impact. However 
the addition of celecoxib or indomethacin to the culture medium 
had no effect in reducing the release of GAGs from the cartilage 
matrix. 
Conclusions: In this study, a marked increase in PGE2 was 
measured in the medium following an impact load in articular 
cartilage. This increase was abolished with both the selective 
COX-2 inhibitor, celecoxib, and nonselective indomethacin. No 
change was observed in the release of GAGs from the explants 
in the presence of these inhibitors, however, suggesting that the 
COX/PGE2 pathway is not directly responsible for cartilage break- 
down following impact injury. 
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Aim of study: The aim of this study was to determine the ef- 
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fects of dynamic mechanical compression on prostaglandin E2 
(PGE2) production by the knee joint meniscus and to determine 
whether this response was dependent on the magnitude of ap- 
plied stress. 
Methods: Cylindrical meniscus explants (5 mm diameter, 2 mm 
thick) were harvested from knee joints of 2-year-old female pigs. 
Specimens were obtained from the outer one-third ("outer zone") 
and the inner two-thirds ("inner zone") of the femoral surface 
of the medial meniscus, which did not show any degenerative 
changes or tears. Following preincubation for 72 hours, compres- 
sive loads were applied using a modified version of the Biopress 
system (Flexcell International). Dynamic mechanical compres- 
sion was performed at 0.5 Hz at a compressive stress of 0.0125, 
0.025, 0.05, 0.1, 0.2 or 0.5 MPa for 24 hours. For each level of 
stress investigated, 12 samples from the outer zone and eight 
samples from the inner zone (N=4 joints) were used and the 
site-matched control explants maintained unloaded. PGE2 pro- 
duction was measured using an ELISA kit (R&D Systems). In 
addition, meniscal explants were tested in unconfined compres- 
sion in a closed-loop, force-controlled testing system (ELF 3200, 
EnduraTEC) in order to calculate the mean deformation of the 
explants at each stress level. 
Results: Dynamic mechanical compression of meniscal explants 
significantly increased PGE2 production, which was maximal at 
0.2 MPa and a drop-off at 0.5 MPa. Compression significantly 
stimulated PGE2 production at most magnitudes of stress for in- 
ner zone meniscal explants (P<0.001 at 0.05-0.2 MPa, P<0.01 
at 0.5 MPa) and all magnitudes of stress for outer zone meniscal 
explants (P<0.01 at 0.0125 MPa, P<0.001 at 0.025-0.2 MPa, 
P<0.05 at 0.5 MPa). At 0.2 MPa, a significant difference between 
inner and outer zone explants was observed (P<0.001), demon- 
strating a higher increase in PGE2 production in the inner zone. 
Discussion: Our results suggest that the meniscus may serve 
as a potent contributor to PGE2 production in the knee joint. Pre- 
vious studies have shown that osteoarthritic menisci also show 
significant increases in PGE2 synthesis in response to various 
pro-inflammatory c tokines. Similar to articular cartilage, the pro- 
duction of PGE2 was dependent on the magnitude of stress. Fur- 
thermore, differences were observed in the production of PGE2 
with site, with greater PGE2 production in the inner zone as com- 
pared to the outer at the same stress magnitudes. These findings 
suggest that, in addition to the articular cartilage, the menisci may 
contribute to the presence of pro-inflammatory mediators in the 
knee joint, and thus may provide an additional target for pharma- 
ceutical intervention in the treatment arthritis. 
Acknowledgment: Supported by the VA Research Service and 
the NIH/NIAMS. 
P213 
DOWN REGULATION OF DEGENERATIVE MOLECULES 
IN OSTEOARTHRITIC CHONDROCYTES GROWN ONTO A 
HYALURONAN SCAFFOLD 
L Roseti 1 , L De Franceschi 1 , E Marconi 1 , A Facchini 1,2, B 
Grigolo 1 
1Laboratorio di Immunologia e Genetica, Istituti Ortopedici 
Rizzoli, Bologna, 2 Italy; Dipartimento di Medicina Interna e 
Gastroenterologia, Universita di Bologna, Bologna, Italy 
Aim of the study: To investigate whether a hyaluronic-based 
biomaterial, already used as scaffold for autologous chondrocyte 
transplantation, could create also an environment which favours 
the downregulation of catabolic factors expression. 
Methods: Human chondrocytes were isolated from articular car- 
tilage obtained from patients with early-onset knee osteoarthri- 
tis. The cells were expanded in monolayers and then seeded on 
a hyaluronic-acid erivative scaffold. Constructs and surnatants 
were collected and analyzed at 1,3, 7, 14 and 21 days after seed- 
ing. Immunohistochemical nalysis for CD44 and caspase was 
carried out on paraffin embedded sections. The Tunel method 
was used to identify chondrocyte apoptosis status. Secretion of 
MMP-1 and MMP-13 in the surnatants of the cells grown onto 
the biomaterial was measured by enzyme-linked immunosorbent 
assay. Nitric oxide (NO) production was evaluated by estimating 
the stable NO metabolite nitrite by the Griess method. A Real- 
Time RT-PCR analysis was performed on the constructs to eval- 
uate the expression of type I and II collagens, aggrecan, Sox-9, 
MMP-1 and MMP-13 mRNAs at the different experimental times 
evaluated. 
Results: The presence of CD 44 receptor increased over time 
showing the highest positivity at day 21. Immunohistochemistry 
for caspase-3 displayed many positive cells at 1 day after seeding 
of chondrocytes onto the biomaterial. This positivity decreased 
during the culture period and on day 21 the cells were almost 
negative. Decreased levels of metalloproteinases and nitric ox- 
ide were observed in the surnatants of chondrocytes grown onto 
the hyaluronan-based scaffold. This was also confirmed by Real- 
Time PCR analysis which showed that the cells expressed the 
specific differentiated phenotype and in the meantime downregu- 
late the expression of some catabolic molecules. Cells apoptosis 
decreased during the culture period, further supporting the bio- 
chemical data. 
Conclusions. The hyaluronan-based biomaterial used in this 
study acts on chondrocyte metabolism downregulating catabolic 
pathways. The ability to reduce the expression and production of 
molecules involved in cartilage degenerative processes by oast- 
eoarthritis chondrocytes indicates its use also in the transplanta- 
tion therapeutical strategy to treat early lesions in these patients. 
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Aim of the Study: The objective of this study was to determine if 
cyclical hydrostatic pressure, applied to a unique suspension cul- 
ture method that forms cartilage tissue equivalents (CTE), altered 
or improved their characteristics. 
Methods: Eight 1-week-old CTE were divided into two groups. 
The CTE were generated using 108 neonatal porcine chondro- 
cytes/ml grown in 24-well dishes coated with poly-HEMA to pre- 
vent attachment. Four specimens serve as controls and the re- 
maining four were hydrostatically pressurized. The wells were 
vacuum-sealed in polyurethane bags and placed in a custom 
designed pressure chamber. The device pressurized the cham- 
ber and the CTE through loading with a materials testing ma- 
chine.Cyclical oading from 0.5-5 MPa was applied for 3 hours, 
three days a week at a frequency of 0.1 Hz. Following the comple- 
tion of each loading session, specimens were removed from the 
vacuum sealed wells, placed in storage wells with fresh medium, 
and returned to the incubator. This process was repeated for 
3 consecutive weeks. Upon completion specimens were tested 
mechanically and biochemically and compared with control. One 
dimensional confined compression incremental stress-relaxation 
tests were performed on five-millimeter diameter plugs. An initial 
tare load of 0.08 N was then applied and then five 7.5% compres- 
sive strain steps were conducted at a rate of 2.5 N/m-s followed 
by a 1400-second hold. The resulting stress initially peaked and 
then relaxed to an equilibrium value during the displacement hold. 
